The aim of this review is to increase awareness for tissue handling, for standardization of the pre-analytical phase of a diagnostic process and to address several processing steps in tissue handling that need to be improved in order to obtain the quality needed for modern molecular medicine. will lead to a more accurate and thus more optimal pathology diagnostics, which should become available for each patient.
The pre-analytical phase in clinical pathology
The handling and pre-treatment of tissue specimens during transport to the laboratory as well as within the pathology laboratory clearly affects the quality of the tissue, and the proteins (including nucleic acids) therein, as depicted in Figure 1 .
Transport of tissues from the operating room to the pathology lab is an important step. In many hospitals, the excised tissues are delivered fresh and 'dry', or in case of small specimens immersed in saline (0.9%) in "dry containers", and stored at room prolonged fixation may lead to severe degradation of nucleic acids. Too short or too long fixation time will also compromise the result of immunohistochemical stainings (33) (34) (35) (36) (37) . Note that neutral-buffered formalin fixation is preferred over un-buffered formalin, which results more severe degradation of DNA/RNA (38) (39) (40) .
Tissue processing, which involves dehydration, clearing and paraffin-embedding is the last critical step in the pre-analytical phase. Traditionally, tissue processing occurs in a vacuum infiltrating tissue processor, which occurs normally during the night. Xylene is commonly used as clearing agent, to remove the dehydrant (usually a series of alcohol concentrations) from the tissue, however xylene is hazardous.
Isopropanol (41), a solvent based on long chain aliphatic hydrocarbons or limonene can be used as an alternative, although these are less effective (41) . In addition, limonene-based solvent is capable of inducing dermatitis and allergic reactions (42, 43) . Progress in automation of systems, and the introduction of microwave-based technology using strictly defined protocols resulted in fast, standardized tissue processing (44-48, Burgers et al., manuscript in prep.). Currently, however, multiple protocols for transport, fixation and histo-processing are still being used in different pathology labs. This lack of standardization substantially affects the accuracy of specific test results, which is exemplified by a study by American pathologists. In this study, the presence of human epidermal growth factor receptor 2 (HER2), under different conditions by different techniques was evaluated (49) and resulted in (ASCO and CAP joint) guidelines to improve hormone receptor testing. 
Possibilities for improvement of modern pathology

Tissue preservation
The increased need for well-preserved tissues has stimulated interest in alternative preservative liquids. In some hospitals, outside the laboratory environment, the fresh excised unfixed tissues are immersed in mild isotonic media (like RPMI) or solutions with specific salts (HANKS) with bovine or calf serum added to it, saline (0,9%), kept at 4-8°C and transported to the pathology laboratories. Although a cell culture medium has a good preservation quality in terms of morphology and molecular analysis, the media are very expensive especially in case of large diagnostic specimens (e.g. resection specimens from breast, colon), not standardised (because of the variability of the serum), and therefore not recommended. Bens Michel's liquid is currently used in nephropathology and dermatopathology allowing adequate preservation of the sample to stay in this liquid at room temperature up till 24 to 48 hours before performing immunofluorescence on frozen tissue with good reproducibility (50) . However, the use of Michel's fixative and PBS results in low quantities and purity of extracted DNA (51) . Normal saline has been described for preservation of nucleic acids (52) , however the histomorphology is not well preserved.
Tissue transfer to pathology laboratories in under-vacuum conditions is a safe alternative compared to tissue transfer in formalin (44) . Preservation under vacuum is particularly suitable for large surgical specimens. Immediately after removal, the specimens are put in specialized plastic bags. After creating vacuum and sealing of the bag that only takes approximately 15 seconds, the specimen can be stored in a refrigerator for up to 48 hours and subsequently transferred to the pathology lab. The morphology of the tissue is well preserved. Also the quality of RNA-preservation, even in tissues kept in the fridge under vacuum for long time, is of acceptable quality (53) . Importantly, since there is no immersion of the whole specimen in formalin, this is a first step into an environmentally-safe step towards a formalin-free hospital (54).
Vacuum-based preservation of surgical specimens also allows collection of "fresh" material, which is recommended for optimal molecular analysis. Currently, molecular of nucleic acid analysis. However, the problem is that the morphology from tissues fixed in an alcohol-based fixative is different from that after formalin-tissue fixation. In In the next years, we need to get prepared for a worldwide prohibition on the use of formalin in pathology and we have to invest in alternatives and optimize the methods for working with a new 'non-formalin' fixative.
Ultrasound-accelerated formalin fixation of tissues is a fast fixation method that may be applicable in short term. While in this procedure formalin is still used, this approach resulted in superior nucleic acid integrity and preservation of antigens compared to conventional methods (61) . The highest RNA yield and quality were obtained by short fixation in buffered formalin (15 minutes) whilst being irradiated with high-frequency, high-intensity ultrasound. No differences with regards to the quality of histology and immunohistochemical staining were observed (62) .
Tissue processing
The trend to use molecular, non-formalin based fixatives with improved possibilities for molecular analysis coincides with the need of rapid fixation and processing of improve signal intensities (45) . Also, in situ hybridization using probes for HPV, EBV
and Her-2-neu gave good gene visualization using the microwave-processing (45) .
The application of microwave-stimulated tissue processing in the routine pathology setting also improves the possibilities for molecular testing (31, 59, 65) .
Outlook
The quality of the tissue specimen has to be optimal, to ensure optimal diagnostics.
Why is it that not many pathology laboratories introduce standardized protocols or new technologies in tissue transfer, tissue-fixation or -processing? Clearly, changing working patterns in general is difficult. Introduction of new procedures requires changes in logistics and process automation, which may indeed be difficult at first glance. However, introduction of new pathology techniques will ameliorate the quality of the tissue specimens for further analysis. Not only for the current molecular analysis, but also for the future spectrum of technologies that will be needed for 
What is the next step?
Obviously, for development, testing and standardization of transport, fixation and histo-processing different readouts are essential. Our strategy to improve the preanalytical pathology phase is to focus on transport conditions (under-vacuum versus transport in "dry containers, and testing different "storage" or transport times), subsequent fixation in pH-controlled formalin and an alcohol-based fixative, using different fixation times. Microwave-assisted histo-processing will be used, as this processing method has proven to be successful in multiple studies (31, (45) (46) (47) (48) 63, 64) .
In the first phase, it is important to test and evaluate large numbers of different tissue samples (e.g.: colon, lung, skin, brain, kidney, liver, heart, muscle, mammacarcinoma, sarcoma, lymphoma) and focus on evaluation of the histology of the specimens which should be done by several experienced pathologists.
The conditions that give good (acceptable) results, will be further investigated in the second phase of the study, where the focus is on immuno histochemistry (IHC), for a range of different proteins, both cytosolic as well as nuclear proteins. Adjustments in staining protocols will be necessary to optimize the staining results. Also antigenretrieval protocols should be evaluated as this can confound IHC results.
The tissue specimens that guarantee optimal performance in histology and IHC under the different test conditions, will be evaluated for molecular techniques in the final testing phase. After testing and evaluation protocols for nucleic acid extraction, different molecular readouts should be analysed, e.g; mutation detection using PCR F o r P e e r R e v i e w Figure 1 The Diagnostic Process 
